UNCLASSIFIED 


_ AD  NUMBER _ 

AD872658 

LIMITATION  CHANGES 
TO: 

Approved  for  public  release;  distribution  is 
unlimited.  Document  partially  illegible. 


FROM: 

Distribution  authorized  to  U.S.  Gov't,  agencies 
and  their  contractors;  Critical  Technology;  JUN 
1970.  Other  requests  shall  be  referred  to  Air 
Force  Technical  Applications  Center,  VSC, 
Alexandria,  VA  22313.  This  document  contains 
export-controlled  technical  data. 


_ AUTHORITY 

usaf,  ltr,  25  jan  1972 


THIS  PAGE  IS  UNCLASSIFIED 


w 


Q_ 

O 


1  # 


'  v 


<• 


II.  ’  t 


«  „ 


t  . 


Project  VELA  UNIFORM 


<mj* 


|4I 


I 


C 


J  * 


. 


Censored  By 

ADVANCED  RE^JICH  PROJECTS  AGENCY 
Nuclear  Monitoring  Research  Office 
ARPA  Order  No,  624 


i 


. 


This  document  is  subject  to  special  export  controls  and 
transmittal  to  foreign  governments  or  foreign  nationals  aa 
be  made  onlv  with  prior  approval  of  Chief,  AFTAC.  - .YSQk 


f 


*  < 


ANALYSIS  0F  SEISMIC  EVENTS  AS  RECORDED  ON 
BOTH  WIDE  BAND  LONG  PERIOD  AND  STANDARD  VELA 
LONG  PERIOD  SEISMOGRAPH  SYSTEMS 


SEISMIC  DATA  LABORATORY 

REPORT  NO.  260 

AFTAC  Project  No.: 

VELA  T/0706 

Project  Title:  ” 

Seismic  Dat»  Laboratory 

ARPA  Order  No,: 

624 

ARPA  Program  Code  No.: 

r 

9F10  .  , 

Name  of  Contractor: 

TELEDYNE  GEOTECH 

( 

Contract  No. : 

F33657-70-C-0941*''' 

Date  of  Contract: 

01  April  1970 

Amount  of  Contract: 

$  1,785,000 

Contract  Expiration  Date: 

30  June  1971 

Project  Manager: 

Royal  A.  Hartenberger 
(703)  836-7647 

P.  0.  Box  334,  Alexandria 

,  Virginia 

This  document  is  subject  to  special  export  controls  and  each 
transmittal  to  foreign  governments  or  foreign  nationals  may 
be  made  only  with  prior  approval  of  Chief,  AFTAC. 


This  research  was  supported  by  the  Advanced  Research 
Projects  Agency,  Nuclear  Monitoring  Research  Office,  under 
Project  VELA-UNIFORM  and  accomplished  under  technical  direc¬ 
tion  of  the  Air  Force  Technical  Applications  Center  under 
Contract  F33657- 70-C- 0941. 

Neither  the  Advanced  Research  Projects  Agency  nor  the 
Air  Force  Technical  Applications  Center  will  be  responsible 
for  information  contained  herein  which  may  have  been  supplied 
by  other  organizations  or  contractors,  and  this  document  is 
subject  to  later  revision  as  may  be  necessary. 


ABSTRACT 


Analysis  of  seismic  signals  recorded  on  both  the  standard 
long  period  and  the  wide  band  long  period  seismograph  systems 
at  TFO  revealed  that  these  systems  yield  equivalent  informa¬ 
tion  concerning  long  period  energy  in  the  signals.  The 
Rayleigh  wave  energy  at  period-*  greater  than  sixty  seconds  was 
determined  to  originate  almost  entirely  from  events  with  epi¬ 
centers  near  oceanic  trenches  or  oceanic  ridges. 
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INTRODUCTION 


Since  25  September  1969,  two  wide  band  long  period 
vertical  seismograph  systems  (LZX  and  LZY)  have  been  operat¬ 
ing  at  TFO.  These  systems  have  an  amplitude  response  peaked 
at  approximately  40  seconds  and  have  a  wider  pass  band  than 
the  standard  long  period  LRSM  or  VELA  instruments  (Figure  1). 

The  wide  band  response  is  achieved  with  a  Geotech  7505A  verti¬ 
cal  seismometer  coupled  to  a  photo  tube  amplifier  with  a  six 
second  notch  filter  (Figure  2)  and  a  galvanometer.  The  free 
period  of  the  seismometer  is  26  seconds  and  that  of  the  gal¬ 
vanometer  is  108  seconds.  The  response  of  these  wide  band 
systems  is  very  similar  to  a  long  period  broad-band  seismograph 
system  developed  at  Lamont  Geological  Observatory  (Pomeroy  et  al, 
1969;  and  Molnar  et  al,  1969).  The  two  wide  band  seismograph 
systems  at  TFO  are  located  at  the  same  site  as  a  standard  VELA 

vertical  seismometer  (LZ1). 

Seismic  events  recorded  by  this  standard  seismograph  system 
and  the  wide  band  (LZX)  system  were  analyzed  to  compare  the 
performance  of  the  two  recording  systems  and  to  see  if  the  wide 
band  systems  could  detect  more  long  period  energy  then  the  standard 
systems.  This  would  be  of  great  importance  for  discrimination 
purposes.  The  analysis  techniques  used  included  period  measure¬ 
ments  from  film  records,  analog  low  pass  filtering,  and  digital 
computation  of  spectra. 


-1- 


LONGEST  PERIODS  OBSERVABLE  IN  RAYLEIGH  WAVE  SIGNALS 


Film  recordings  from  the  standard  (LZ1)  and  wide  band 
(LZX)  seismograph  systems  at  TFO  were  used  to  obtain  measure¬ 
ments  of  the  longest  period  observable  in  the  first  fj.ve 
minutes  of  Rayleigh  wave  signals  from  seismic  events.  Events 
were  selected  for  measurement  from  film  recordings  made  during 
the  time  period  1  October  1969  to  1  March  1970.  Only  Rayleigh 
waves  with  a  good  signal  to  noise  ratio  and  free  of  any 
obvious  interference  from  other  signals  were  measured.  Also 
very  few  measurements  were  made  of  events  having  a  longest 
Rayleigh  wave  period  of  less  than  30  seconds. 

The  source  parameters  of  the  events  measured  were  taken 
from  the  USC5GS  epicenter  lists  and  are  given  in  Table  I, 
together  with  the  longest  periods  measured  in  the  Rayleigh 
wave  signals  as  observed  from  both  the  standard  and  the  wide 
band  recordings.  The  longest  periods  for  all  events  are  also 
presented  in  Figure  3,  and  the  epicenters  are  shown  in  Figure  4 
with  the  symbol  for  each  epicenter  denoting  the  period  range  in 
which  the  wide  band  measurement  falls. 

It  can  be  seen  that,  for  each  event,  the  difference  between 
the  periods  measured  from  the  standard  and  the  wide  band  recordings 
is  usually  less  than  five  seconds  (Figure  3).  This  indicates 
that  although  at  the  long  periods  the  amplitude  of  the  signal 
as  recorded  by  the  wide-oand  system  may  be  larger  than  that  for 
the  signal  as  recorded  by  the  standard  system,  the  period 
measurement  can  still  be  made  from  recordings  of  the  standard 
long  period  seismograph  system.  As  examples  of  the  standard  and 
wide  band  long  period  recordings  at  TFO,  signals  from  some  of 
the  events  listed  in  Table  I  are  shown  in  Figures  5  through  9. 
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The  distribution  of  epicenters  shown  in  Figure  4  indicates 
that  events  producing  Rayleigh  wave  energy  at  periods  equal  to 
or  greater  than  60  seconds  (within  the  first  five  minutes  of 
the  Rayleigh  signal)  are  for  the  most  part  located  near  oceanic 
trenches  and  along  oceanic  ridges.  One  event  with  a  measured 
period  greater  than  60  seconds  is  located  in  India.  However, 
with  a  data  set  of  150  events,  it  is  not  possible  to  conclude 
that  events  producing  energy  at  long  periods  will  always  follow 
this  same  epicenter  pattern. 

In  addition  to  the  measurements  made  for  the  events  listed 
in  Table  I,  Rayleigh  wave  signals  for  all  events  given  in  the 
USC6GS  PDE  cards  for  the  time  period  22  February  1970  through 
28  February  1970  were  measured  from  the  standard  and  wide  band 
film  recordings.  It  was  determined  from  this  analysis  that  all 
events  in  this  time  period  which  could  be  seen  in  the  wide  band 
recordings  could  also  be  seen  in  the  standard  recordings;  the 
difference  in  the  longest  period  measured  from  both  recordings 
was  in  all  cases  less  than  five  seconds. 


FREQUENCY  CONTENT  OF  SIGNALS  RECORDED  BY 
WIDE  BAND  AND  STANDARD  SEISMOGRAPHS 

The  similarity  in  the  frequency  content  of  seismic 
signals  recorded  by  the  wide  band  LZX  system  and  the 
standard  VELA  LZ1  system  was  investigated  by  low  pass  filter¬ 
ing  using  an  analog  processor.  The  signals  filtered  were 
generated  by  an  earthquake  in  the  Central  Pacific  Ocean  on 
4  November  1969;  other  source  information  for  the  earthquake 
is  given  in  Table  II.  The  filters  used  were  40-,  75-,  and 
100-second  low  pass  filters.  The  relative  response  of  the 
40  second  low  pass  filter  is  shown  in  Figure  10. 

The  filtered  signals  are  presented  in  Figure  11.  These 
signals  indicate  that  the  same  frequencies  are  present  in 
the  wide  band  and  standard  recordings  with  slight  amplitude 
differences  due  to  the  difference  in  the  response  of  the  two 
seismograph  systems. 

The  similarity  in  the  spectra  of  Rayleigh  wave  signals 
recorded  by  the  wide  band  and  the  standard  VELA  systems  can 
also  be  seen  in  Figures  12  through  15  for  the  events  listed 
in  Table  II.  The  differences  at  low  frequency  reflect  the 
different  responses  seen  in  Figure  1.  The  power  spectra  of 
the  signals  were  computed  using  a  group  velocity  window  of 
approximately  3  to  4  km/sec  with  the  one  exception  of  signals 
from  the  earthquake  in  the  Philippines  for  which  a  velocity 
window  of  3.5  to  4  km/sec  was  used. 

The  noise  spectra  were  computed  using  a  segment  consist¬ 
ing  of  1024  seconds  of  each  time  trace.  The  noise  sample  for 
each  event  terminated  before  the  signal  arrival  time. 

For  each  event  listed  in  Table  II,  signal  to  noise  ratios 
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(S/N)  were  computed  at  selected  periods  from  20  to  75  seconds. 

The  wide  band  signal  and  noise  power  spectra  given  in  Figures 
12  through  15  were  used  to  calculate  the  S/N  values  which,  as 
can  be  seen  from  Table  III,  are  not  less  than  2.5  for  any  period. 
Therefore  reliable  estimates  of  the  signal  spectra  were  obtained 
for  the  events  processed  even  at  periods  as  long  as  75  seconds. 

Signal  to  noise  ratios  were  also  calculated  for  the  standard 
system  and  are  given  in  Table  III,  together  with  the  ratio  of 
the  signal  to  noise  ratio  of  the  wide  band  to  that  of  the 
standard  instrument.  Ideally,  for  earth  noise,  this  ratio  would 
be  close  to  1.0.  This  is  apparently  the  case  below  33  seconds 
period.  Above  33  seconds  the  ratios  are  more  variable  but  still 
average  close  to  1.0.  This  suggests  that  the  system  noise  is 
greater  than  the  earth  noise  in  this  band.  Since  the  system 
noise  can  be  different  on  the  different  channels  at  any 
particular  time,  then  we  can  expect  ratios  different  from  1.0 
for  any  given  realization  even  though  the  average  system  noise 
is  identical.  These  results  suggests  that  the  earth  noise  and 
system  noise  are  identical  on  the  two  systems  except  to  the 
extent  that  they  are  shaped  by  the  system  response. 


CONCLUSIONS 


The  longest  period  observed  on  earthquake  records  detected 
by  either  the  standard  or  wide-band  long  period  seismometers 
has  been  found  to  be  nearly  identical  for  a  suite  of  earth¬ 
quakes.  This  is  what  would  be  expected  if  the  signal  was  above 
the  system  noise,  and  if  noise  outsiu?  the  frequency  band  of  the 
longest  period  did  not  obscure  the  information  in  that  band. 
Evidently  neither  of  these  possibilities  is  a  serious  problem 
in  practice. 

Events  producing  Rayleigh  waves  with  periods  greater  than 
60  seconds  seem  to  be  associated  almost  entirely  with  oceanic 
trenches  or  ridges. 
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Figure  3.  Longest  observed  periods  in  Rayle 
signals  recorded  by  wide  band  and 
Vela  long  period  seismograph  syst 
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Figure  4.  Epicenters  and  period  ranges  of  events  used  in 
film  analysis  of  Rayleigh  waves , 


Figure  7.  Standard  Vela  and  wide  band  long  pei 
recordings  of  an  event  off  the  coasi 
Oregon  on  22  February  1970  at  03:31: 


Figure  8.  Standard  Vela  and  wide  band  long  period 
recordings  of  an  event  in  the  Philippine 
Islands  on  23  February  1970  at  20: 48: 17. 8Z. 
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Figure  11.  Low  pass  filtered  signals  from  an  event  in 
the  central  Pacific  Ocean  4  November  1969. 
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Figure  12.  Power  spectra  of  Rayleigh  waves  from  an  event 
in  the  Philippine?  on  2  October  1969. 
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Figure  13.  Power  spectra  of  Rayleigh  waves  from  the  nuclear 
explosion  MILROW  in  the  Aleutians  on  2  October 
1969. 
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Figure  i4.  Power  spectra  of  Rayleigh  waves  from  an  event 

in  the  central  Pacific  Ocean  on  4  November  1969. 
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